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need examination and an ethical code for the most effective operation 
of instructional media needs to be developed. A network should be 
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appropriate evaluation program and demonstration centers will also be 
needed, as will trained educational technologists to carry out the 
program which is developed. In conclusion, the author offers some 
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by James G, Millar*’'^ 

Almost dally wo hoar of new inatructiorial media, or novel, 
interesting, and versatile gadgets which can contribute to education. 
Their sophistication is rapidly increasing, The interest of educators 
is not in hardware and software for themselves alone, hovzevor 
fascinating they may be, Rather they are concerned as to whether 
these technologies can be used to achieve greater excellence of education 
from nursery school throughout life; to individualise that education and 
fit it to the needs of specific human beings; to share resources and 
scarce personnel in educational systems at all levels; and to cut costs 
in various scarce forms of mat ter "■energy and information, including 
money for capital construction and operating funds, and the time of 
students, teachers, administrators, and staff merabers. 



A national program to accomplish these purposes should be 
developed over the next clecade by cooperative planning among schools, 
colloges , . and universities, industrial organisations, and the government. 
Because they have the largest number of students, the schools should be 
the greatest users and constitute iaiportant proving grounds for the nev; 
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*This paper is based on four previous papers on general systems 
theory and its applications to educational processes: (1) Miller, 

J. G., T he Nature of Liv in g Systems , November, 1968; (2) Miller, J, G. , 
The L ivin g Systems Invorved in the Educational Process , February , 1969 ; 
(3) Mii.ler, J, G, and Rath, G, J,, P riority Determinati on a nd Re so urce 
All oca t io n by P la nning- ^ o g ranim i.ng-B u d get in g and C o ^t -Eff e ctivo n ess 
Analy sis i. u Edu ca tioLia l Sys te rns , March, 1969; (4) Miller, J. G., 

DQcl dlng Whet her and Plow to U se Educa tlonal Technolog y in the Light 
of Co at - F, f f e'e t j. v e n e s s Evalua t ru^ , April, 1969. 



James G. Miller. is vice president for academic affairs, Cleveland State 
University, and vice president and principal scientist of EDUCOM 
(Interuniversity Communications Council), ' ‘ ' 



m 




m 






niipi 



mm 






iPP! 







2 '-^ 
TOScIia, Til© e©ll©g©ga and’ urjlvargltls s in tliair traditional research 
and development role should take the lead in the basic investigations 
underlying these new technologies, in their engineering development, 
and in trying them out in their own processes » Universities may 
also serve to protect the content information of the media from 
distortion hy the profit motive or |overnmcntal control. The role 
of industry is to create hardware and softv/are and operate communications 
system®. Gov ernment is likely to have four roles; (a^ funding necessary 
basic and applied research and development; (^) subsidizing early 
operations , by such means as creating special rates for educational 
cOHimunlcations ; (jc^ providing tax funds to support public education ; 
and (d) regulating the technologies, as the Federal Communication 
Commission does of other sorts of cotDmunlcatlon.s, or as the Copyright 
Office does of uses of content materials . 



Organizational Considerations 

Five to ten major university centers for research and develop-- 
ment on instructional technology scattered around the United States, 
each with long-term block grant institutional funding by the government 
in addition to other projects grants, would in all likelihood be the best 
basis for national initiative in this field. Multiple university cen- 
ters are probably better than a single governmental institute comparable 
to one. of the National Institutes of Health, for the following reasons; 
First of all, such institutes usually cannot pay salaries to compete 
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with the best academic centers, and they are restricted by the 



creeping bureaucracy endemic to all government agencies »• To some 
extent, also, freedom of thinking in governmental institutes is con- 
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strained by political views of the public officials in power. Further 
more, the present pattern of the National Institutes of Health is to 
coiisume spaeialista rather than to produce them, There is a great 

f 

shortage in the country of personnel trained in depth in educational 
technologies, and consequently all centers should educate students to 

* t 

V7ork in this field at the same time as they carry out research, 



development, and operational functions. One National Institute of 
‘ Educational Technology might be valuable, but it should certain3-y not 
be the sole center of its sort in the country or even constitute a 



ajor part of the total national effort in this area. Its own intra- 



mural activities should be quite separate from its extramural grant- 
giving fuhctlons if it is established.- Several centers should be 
set up for at least two reasons: first, so that there will be no 

centra3.iza tiou of control of such a vital national function so 



■vulnerable to ideological infiltration and subversion, and second, 



the existence of only one such center might develop parochial 



vlev 7 s and extend this narrowness nationwide. At this stage of 



development of educational technologies our country will profit from 
pluralistic approaches under various sorts of control. These activities 
might intercommunicate through a voluntary consortium of colleges, 
univer 9 i.tj.es, and other related institutions of higher education such 
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as- the Interuniversity Communications Couiteil (EDUCOM) , Givon the 
traditions of ou3: country such a private organisation of xionproflt 

t 

©ducatlonal institutions can probably be more effective than any 
governmental or industrial organisation, 



Research and Development Activities 
All the centers that are set up should carry out basic 

t 

research on systems theory, concerned with hierarchiei of living 

systems and the relations between Iplving and nonliving systems. 

Their research should deal with both their matter-energy processtog 

subsystems and their information processing subsystems, Emphasis 

should be put on such promising and important fields as learning 

theory, communi.eation theory, information theory, queuing theory , 

game theory, decision theory, and automata theory, A major area 

of research, particularly by social psychologists and sociologists, 

should be social resistance to the change produced by introduction 

of new technologies in educational syi terns, The centers’ staffs 

should be interdisciplinary, involving mathematics, physical, 

biological, and social scienaei, as well as engineering, and some 

of the humanities, They should be funded throughout the entire 

decade of the ten-year plan and indefinitely into the future. Over a 

‘decade the annual budget of the average center might increase gradually 

from $500,000 to $3,500^000, 

**■ % 

Applied research and development should be carried out 

» # 

by all these centers and funded throughout the ten-year period 
with increasingly large grants, Bmphaiis should be placed upon 
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the thorough development and field testing of apeeifie techniques 
and content materials. Many workers in educational research have 
demonstrated in theory, or with relatively insignificant examples, 
that certain kinds oj: hardware and software can be useful in education, 
But' careful development of instruments which have been systematically 
tested and are ready to use is rare. Complete segments of cours.es, 
full courses, and other sets of learning materials are urgently 
needed for instruction at all levels of elementary, secondary, higher, 



and continuing education, These should he carefully evaluated with 
groupi in terms of their educational ef fectivenesi and costs, 

In addition a xiational program of federal government project 



grants for research and development activities should he estahllshed. 
Foundation and other private grants will undouhtedly supplement these. 



Hardware Needs 

Throughout the ten years of the program intensive research 
should be carried out to improve the hardware of present instructional 
media and to add to those now available. The initiative for such 
activities should come from educators and those involved in instructional 
research, rather than from engineers, The educators should determine 
the need and state the specifications , They can then turn to engineers 
on university faculties or to industrial engineers in order to produce 
the product as required. Each one must be carefully and well engineered 
and field tested with cost«ef f ectiveness evaluation, in the same 
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harcl"haaded way- that a new alirplansj automobile, or electric toaa'ter 
is evaluated by industry# 

Funds should be available, especially in the first five years 

of the ten-*year period, for the development of a number of specific types 

of hardwar© like those listed below. The ones which prove out should be 

ready for industrial manufacture on a mass basis by the end of the fifth 

# 

year # ' 

Among the major types of instructional hardware v/hich currently 

appear to be in need of development are the following i 

3* ♦ Computers eipeclaHy designed for educational needa . 

In recent years no computer has been constructed for educational uses 

» 

primarily, ©scccpt perhaps the Xlllac XV, a pattern'-recognition computer 
designed and built at the University of Illinois at Urbana, and the 
IBM 1500, industrially designed for computer-aided instruction. Educators 
should have a role in stating the specif ications for computers needed for 
educational computar-aided on-line time-sharing systems. 

2 • Inexpensive automated carrel to sell for less than $1000 
when mass produced . Such , a carrel should include audio input, visual 
input on a screen which can show black and white and colored letters, 
figures, still graphic materials, and moving pictures; an electric 
typewriter which can be operated on-line to a computer; and a light 
pencil v;hose beam can be senied by an on-line computer vdienever it is 
pointed at any part of the screen. 

3. Portable microform reader . Utilisation of microform 
has been widely restricted because microform readers are large and 
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bulky because thsy rapidly tire the eyes of the user, As a result , 



libraries purchase expensive books rather than cheaper microform copies 
of the same materials which are available, because of user resistance 



to microform* This resistance could probably be significantly diminished 
if a portable microform reader were developed that could be carried in a 
small briefcase, perhaps eveii pocket^-sice. This reader should be 
eapabie of enlarging to full siae microcards with black letters on a 
whit® background, white letters on a black background, and co3-ored 
materials, and with adefuate Illumination so that the user’s eyes do not 
tire, It is possible to reduce ordinary book pages clearly 40*’' or 

to-1, io that they fit on a single microcard. If such a reader were 



available, many books could be carried around in a single briefcase. 
Research and development are now underway on a small, portable micro- 



form reader . 

4, Automated carre^ in briefcase . An entire automated 



earrei in an attache‘s case is probably attainable within the next ten 



years if an effort to develop it is given priority and support, Xt 
could contain a televiiion screen, light pencil, micro-optical infor- 
mation storage file, remote .television camera and tripod, teletype 
keyboard, touchtone keyboard for communicating with the local storage 
or a remote computer, and telephone. It would be powered either 
from a power outlet or from a reGhargeabl®, long-life battery. The 
user would set up the TV camera in its tripod to photograph himielf * 



he could transmit his own image to a receiver anywhere on a 
network over phone-vision line outlets to which he would connect nis 
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brlefca00.- Over the same lines he could receive over a network from 
ai'ty 3-oeation the image of someone he was talking to or data from a 
computer. Wl'iat was not stored in the information file of the briefcase 
could be obtained over telephone or phone-vision lines of the inetvzork 
.from a remote computer, In this way the user could get access to 
television lectures ^ documents; data; or computerized programmed 
instruction. The user could interact with a remote computer by 
light 'pencil; by telephone, teletype keyboard or toucbtone keyboard, 

5 . Optical prinf reader , A machine is needed which can scan 
and rapidly read into digital storage entire books printed in ordinary 
type of many different fonts, Photoreaders e%ist at present which can 
at the rate of a page a second, material typed in a number of fonts 



of typewriter typo, but none yet can read , with adequate accuracy , many 
fonts of book type. Until such a machine exists, it will not be ■financially 
feasible to store massive amounts of textual material .digitai3.y ixi 
electronic memories which can then be searched for information that can 
be transmitted rapidly over electronic networks. If this development 
should occur, with mass memory storage hardware available now and soon 
to be improved, the operation of libraries cou3-d be greatly improved, 

For approximately the amount of federal money appropriated annually for 
libraries in the United States it would be possible to store the entire 
text of the Library of Congress, if the attendant complex legal copy- 
right problems could be resolved. Thereafter schools, colleges, and 
universities could' ha.ve access over networks almost on an instantaneoLts 
basis to the entire store of the Library of Congress. This would 
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ireasd^i' the shortage of information, of this sort that exists in 

if parts of our country today and create a true nationwide democracy 



of access to such information. 

On-line electronic blackboard . If in group discussion 
rooms and classrooms it were possib3.e at will to retrieve printed 
and graphic materials in black and white and color and to magnify them 
up on large surfaces— on-line to a computer like electronic hlackhoards— = 
many aspects of classroom teaching could he facilitated. Large displays 
iomsthing like this are presently in use in command'-and-control rooms 
©f American military installations, hut they are prohahly far toe 
©xpenstve for ©ducational Ui®. A cheaper form is required for mais 
produation. 

Home cartridge video-tap® player and recorder . Audio- 
tape cartridge p].ayejrs already are in wide use. It is reliably reported 



that in the near future, color television seti wl3J. be equipped to play 
and record video cartridges. This coming development can be of great 
value for home study by students in schools , colleges , and universitlei 
as well as by adults. Home television sets will become potential educa- 
tional centers and can be used , therefore , both for recreational ainuse- 



ment and for education. 

8. Educ ational satellite . Communications utilising satellites 
are already in operation around the v/orld . Satellites dedicated to 
educational commupiicationa are nov; feasible and are likely to be 
available by 1972 , This broad -band facility V7ill make possible transmission 
t)f all ©f the media that can be carried over networks, not only across 
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the United States but around the vzorld. 

9. Signal t r an b ta i s s 1 o n b y laser . Laser beams are capable 
of very broad"band transmission, This means that very large amounts 
of information can be transmitted rapidly and inexpens^ively , This 
information could be both printed or graphic, still or moving, visual 
and/or moving, relating to all the electronic instruction media. 

Other sorts of hardware.' vjill also undoubtedly be found 
desirable as educational research and development expand. 

I 

S oftware Needs 

The experts agree that to create sophisticated and effective 
software is much more complex and difficult than to produce hardware. 
Many fundamental principles of software construction are understood, 
although improvements can constantly be made. The art of software 
development is young. There are basically two sorts of software; 

(a) systems software for operating the various types of computerized 
equipment in flexible ways which will be most useful for the educational 

process and (b) the programs of actual content material. 

Throughout the ten years the phases of software development 
should he as follows: Basic research on softv7arc technology, including 

new methods of programming; creation of new programming languages; and 
work on basic linguistics in order to improve the ability of computers 
to translate text from one language to another or to search text and 

answer questions based on such searches. 

In the first three years of the ten-year program, major 
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content materials should be progirammed in the different media for 
grade school, high school, and junior college curricula, and most 
popular college and university courses. By the end of three years, 
complete curricular luateriala in all these areas should be available, 



preferably from multiple courses and authors, to get different points 
of view. Between the third and the fifth year of the ten-year program, 
such Content materials should be expanded to most or all curricular 
fields. Thereafter there should be more and more varieties and 
duplications of these various forms of content material. It is 
©ssential that there be multiple versions of such materials and that 
any author v;ho V7ishes should be encouraged to prepare educational 
materials to go on the network. Quality of the content can be best 
assured by such competition. 

Efforts should be made through basic research and development 
to study nian~machine symbiosis. We should allocate to machines rote 
teaching and other activities that can be best done by individualized 
instruction with machines. Human beings, teachers working in small 
groups and individually with students should carry out the functions 
which machines cannot do novz and very likej.y never will be able to. 

The emphasis in production of educationa]. mater ia].s for these new 
instructional technologies should be not on learning facts but on 
learning how to find' and use facts; or developing wisdom and judgment 
and on discovering how to live a ful3. and fruitful life. 
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Legal Activiti es 

During the first two years of the ten-year period, legal 
task forces roade up of educators, lav/yers, engineers, librarians, 
computer experts, television, broadcasters, and other specialists should 
•devote themselves to improving the present laws and regulations and 
spelling out ethical codes for the most effective operation of the 
, instructional media. The Federal Communications Commission should 
establish rates and regulations that make possible the operation of 
all the media at local sites and also over networks. Furthermore, 
serious consideration should be given to special educational rates. 

One form of federal subsidy for education may be cutting the long 
distance coiimiunication rates for educational purposes below those 
for other purposes. In the deve3^,opnicnt of new industries throughout 
American history, such federal subsidy has been common. It is certainly 
appropriate to subsidise the nevzly developing educational industry, most 
or all of which is and a3-ways v/ill be nonprofit and which, in addition, 

is utterly vital to the country. 

Present copyright legislation must also be rewri.tten to 
take into account recent developments in tVie nev7 media and to provide 
appropriate reimbursement through royalties and licensing arrangcm.ents 
to authors and publishers while at the same time guaranteeing that all 
information useful'to education will be freely made available. Copyright 
holders should not have the right to prevent theii matci-ials fiom being 

o 

used on* educational networks and other educational media. But they, 
should have the right to receive appropriate reimbursement for the use 
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of thsir copyrighted inateriali, 

Laws and regulations governing educational xietwork operations 

should be established to deal with anti'-truat considerations, potential 

negligence, censorship, and so forth. In addition, ethical codes and 

laws concerning privacy of information and procedures for guaranteeing 

it where appropriate should be V7orked out. This legal activity should 

be followed up intensively during the first two or three years of the 

ten-year period, At the end of three years, well worked-out codes of 

* 

laws, regulations, procedures, and ethics for the use of educational 
technologies should he available, 



Networks 

the first five years of the ten-year period pilot networks 

should be established, beginning perhaps xvith a single medium, like 

♦ 

the Educational Information Network (EIN) dedifiJited to computers or 




like various educational television networks now in operation, These 



should be expanded to include all the instructional media which can 

* ^ ' 
be transmitted on networks, as planned for EDUNET. Preferably operated 



by a university consortium and supported by the federal government, 
these pilot efforts should develop principles' of operation, organizational 



structures and manning tables, rules for hardware and software compati- 
bility, and inethocls of accounting and financing. Then they should 



obtain content materials and begin pilot opc tions, After evaluating 



L 



their experiences, they should expand services which appear useful 
to all colleges and universities, schools," and other agencies in the 
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* Cf# Brown, G, W., Miller, J,G., and Keenan, T.A, 
Summer Study on Information Networks Conducted by 
munications Council (EDUCOM) , Netr'York; John 
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society which can use them, By the end oi; the fifth year, these 
developments should be sufficiently advanced to begin to constitute 
significant factors in American education, Later they can be extended 
to other countries. 

Evaluation 

Ho edueatipnal process should be accepted for wide use without 
appropriate evaluation on a controlled basis in comparison with other 
possible ways to accomplish the same ends. Throughout the ten-year 
period there should be basic research on effectiveness measurement 
and cost-effectiveness evaluation procedures. Beginning with the second 
or third year of the ten-year period when significant amounts of software 
are becoming available, these should be subjected to controlled 
evaluatione of their costs and benefits or effectiveness. Comparative 
©valuations of competing materials should be made public by an agency 
sufficiently judicial not to be influenced by pressures from hardware 
or software development organisationi , government, or any other source * 
This might be a quasljudlcial governmental agency, perhaps associated 
with a National Institute of Educational Technology, but perhaps 
independent . 



Demonstration Centers 



Because of the xgldespread resistances to change which have 



been mentioned above, few on-going educational systems are likely to 
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make the radical changes in their structures and processes necessary 
to adapt themselves most effectively to the new technologies, Therefore 
it Is recommended that, beginning' with the third year of the ten-year 
program and extending through the eighth year (as soon as a reasonable 
mass of software content material is available for educational systems 
at any level) , a number of federally supported demonstration centers be 
established, These centers would operate school, college, or university 
< programs using the instructional technologies as much as posilble and 
comparing them with traditional forms of instruction. These centers 
would run the gamut from nursery school to continuing education, including 
special types of schools, as for the mental3.y retarded or for prisoners, 
The learning environment in them would include every automated aid but 
would by no means eliminate human teachers v?hosc roles would be to 
deal with the motivations of the individual students, to adapt the 
materials to thei.r sisecific interGsts and per'soiialities, and to instruct 
in those matters which have not yet been automated. 

Training in Rducationhl Tech uologyy' Sys tems and Communications 

Science 

There is a great shortage of persons concerned with the 

I 

educational process v;ha also have the background required to apply 
present knowledge in communication science and systems sci'ence to 
the use of the new instructional technologies. Therefore, colleges * 
and universities should have bachelor’s, master’s, and doctor’s programs 
in these fields. At the bachelor’s level, educational technologists 
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would be trained to be operators o£ the media. At the master’s 
level supervisors would be trained with knowledge in depth of such 
matters as systems analysis^ computer programming, computer-aided 
ijistruction course programming, and television script writing, 

Doctoral level training vzould be provided for those who are able 
to innovate axid do research development in the nev7 media and in 
systems and communication science, Those studying to tea-ch in 

f 

elementary, secondary, and higher education should be trained to 
use the media, In other professions, like medicine and engineering. 

It is universal practice for a student to get to understand the tools 
of his trade before he begins his professional life, ' It is strange that 
this is not generally true in educatioii“-particularly higher education, 
Bducational adminlitrators also shou3.d be trained in the media and in 
techniquea for eliciting innovation from their teachers and professors, 
and for clearly indicating the administrations support for such 
innovation. 



International Implicationi 

Once the hardware and software have been developed and tested i 

out in the United States , they can be mass produced at reduced costs ; 

for use throughout the world , Electronic instruments can be provided 
with their oX'm power sources, if necessary, and taken anywhere in 

! 

the world . They can be interconnected v/ith the United States through 

in t er na t iona 1 educational satellites and by other means . The content ' 
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iimterials can be translated into other langnages, If such inaterials 

tf 

are to be most uOefully employed in foreign lands, developing as vzell 
a® to established nations , they must in each place be articulated with 
the local scene, American provincialisms must be eliminated from them. 
EBiphases should be changed to suit the language, culture, and traditions 
of each country, In addition, every effort should be made to render 
Initruction and escamination materials cul,'.u::e«fair , not biased for or 
against any given country. At the same tJme one would hope that large 
parts of the curriculum would be of general international interest. 
International education using these common materials could be a 
major force toward peace. In some countriei edequati preparation for 
higher education is not available and, therefore, in such nations 
remedial education courses appropriate to the country would be essential. 

It is unlikely that automated instructioia would be entirely self*- 

i 

sufficient for providing a complete education anywhere . Human instructors 
almost always must be involved to deal with problems of the student’s 
motivation to learn, to tailor instruction to the personality of the 
student , and — along with fellow students--^to provide social facilitation 
to the learning process . 
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A rough suggestion about funding of a ten-year program by 



the federal ■ government . is indicated in Table 1 , Of course, there ^ 
Wou3.d be other sources of funds in this country besides the federal 
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government, including private foundations, school sysloms, colleges, 
universities , and industry, What is proposed here is a massive 
national effort over a decade, and the costs must be borne by many 

i 

agencies. In addition, of course, international financing by foreign 
governments and international bodies, as well as the United States 
©overnment, arc important if the entire world is to benefit from the 




instructional technologies . 
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